An equivalent wall impedance describing the electrcmagnetic boundary conditions at corrugated pipe walls is introduced in the context of a general perturbative approach for computing the longitudinal and transverse beam coupling impedances in complex heterogeneous pipes.
INTRODUCTION
Coupling impedances are a powerful tool for studying the interaction between a charged particle beam and the surrounding chamber. Unfortunately, coupling impedances can be usually computed only by numerical methods leading to computationally intensive design optimization procedures.
The combined occurrence of complex geometrical features and/or the use of several different wall materials, make the electromagnetic boundary value problem analytically almost untractable. As a matter of fact, only a few analytic solutions for coupling impedances are available, for simple cases where, e.g.. the Laplacian is separable in the pipe cross-section coordinates, and the boundary conditions are very simple too (e.g., perfect conductors).
In this paper we estimate the longitudinal and transverse coupling impedances for a pipe with cormgated walls usingthegeueralframeworkpresentedin [I] andsummarized below, using an impedance boundary condition @.c.) of the Leont6vich type, to account for the corrugations. An application to a candidate LHC geometry is included.
COUPLING IMPEDANCES IN COMPLEX PIPES
According to [I] 
where c = (ropo)-'I2 is the speed of light in vacuum,
is the vacuum characteristic admittance, eo and po being the vacuum permittivity and permeahiliy, Po is the relativistic factor, Q is the total beam charge, E(so1-), %(lrr-) are the solenoidal and irrotational parts of the electric field, a suffix "0" identifies the unpenurbed quantities, and an impedance (Leontovich) boundary condition is assumed to hold at the (perturbed) pipe wall aS
where Z,,,.II is the pipe-wall complex characteristic impedance and B, is the unit vector normal to 8s.
The first integral term on the r.h.s of (1) and (2) is nonzero if and only if Zwali is not identically zero on 8.9, and accounts for the effect of the (complex) wall conductivity. The second integral term on the r.h.s. of (1) and (2).
on the other hand, accounts for the effect of the geometrical perturbation of the boundary, and is non-zero if and only if the unperturbed axial field-component Eta is not identically zero on 8s. Letting EO in place of E in (1) and (2), one obtains a first order penurhative formula for the beam coupling impedances in the perturbed pipe.
CORRUGATED BEAM PIPES
Let i= 4(@) = fib(@) + 6d(0), 
E & ( 6 ) -Ec',(db)+ VE,',IR, '62. (5)
The first term in ( 5 ) is obviously zero (the unpenurbed boundary is by assumption a perfect conductor). The unperturbed longitudnal field is related to the potential a~, Accordingly, the integral in ( I ) which accounts for the effects of the geometrical perturbation of the pipe boundary can be written, to first order:
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iso where C is a curvilinear coordinate on 6So.
Similarly, to first order in the cormgation term 62,
Accodngly, the integral in (2) which accounts for the effects of the geometrical perturbation of the pipe boundary can be written, to first order:
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Compariso_n of (9). (11) to (I) and (2) shows that the roughness bR(0) is "equivalent" to a non-uniform, purely reactive impedance loading
Z ; : y ) = -jk(l -jL?~)ZOC,O(S). sd(e), (12)
laid down on the unperturbeded pipe wall. It is also seen that, for the special case where SR(0). is arandomprocess, its statistical moments are simply related to those of the equivalent wall-impedance (12). These findings are more or less obviously related to the general formalism developed in [3] for describing (weakly) irregular surfaces in terms of impedance boundary conditions.
CORRUGATED CIRCULAR PIPE
As a simplest example, we refer to a cormgated perfectly conducting circular pipe. The unperturbed geometry is a smooth perfectly conducting pipe of radius R. The unperturbed field produced at P by a beam at PO is is the circumferential average of (12). It is seen that suitable (z-independent) cormgations can be used to compensate the remaining reactive terms in the beam coupling impedance at a specific frequency.
LHC IMPEDANCE BUDGET
The candidate LHC geometly includes two cormgated sections as shown in Fig.1 below. The cormgations con- tributions to the (reactive) impedance budget can be easily computed using (13) for the unperturbed field, with R = 14mm. Assuming % 0.987. it is found from (18) and Fig.1 that ( t:?) ) % -l.467.10-80hmatthe beam circulation frequency (= 11KHz).
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